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1
HIGH SPEED VALVE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of U.S. provisional patent

application Ser. No. 62/573,265 filed Oct. 17, 20177, now
expired, which 1s incorporated by reference herein.

FIELD OF THE INVENTION

This imnvention pertains to fluid control devices 1n general,
and particularly, to constructions of a fast-acting, electro-
magnetic solenoid valve.

BACKGROUND OF THE INVENTION

Traditional fluid valves usually operate by moving solid
objects to obstruct a flow path of the fluid. Electric magnets
or electromagnets may be used as actuators for alternatingly
moving a valve 1mto open and closed positions or between
such positions. Some constructions are known as two mag-
net electromagnetic valves. UHSYV will be used herein as an
abbreviation of a Universal High-Speed Valve.

Prior art pneumatically actuated valves have different
opening and closing times, which 1s disadvantageous.

SUMMARY OF THE INVENTION

One embodiment of the present invention 1s an electro-
magnetic actuated valve which can be opened and closed
within the same time duration and will remain open for a
duration of 2 to 50 ms or more. The electromagnetic valve
may include two solenoids and permanent magnets and can
climinate the inequality arising from the different opening
and closing times of the valve as exists in prior art pneu-
matically actuated valves.

Prior art pneumatically controlled valves typically pro-
vide a closing time about 3 times longer than the opening
time and both times generally are much longer than a valve
in accordance with the invention. This makes 1t diflicult to
precisely control the volume of fluid, usually gas, flowing
through the wvalve especially when the supply pressure
varies. The opening and closing times of pneumatic valves
are usually a function of the supply pressure. Using two
magnets as 1 the mvention provides the opportunity to
make the duration of both valve opening and closing opera-
tions equal. This 1s important when the flud volume which
goes through the valve at one shot must be accurately
controlled. For example, for airbag deployment testing, a
controlled volume of about 15 to about 150 STP liters must
flow through the valve 1in approximately 30 milliseconds.
This can be accomplished using the high speed valve of this
invention and the gas supply can vary from about 10 to about
70 bars or more, depending on the particular valve design,
without aflecting the valve opening or closing time. Fur-
thermore, electromagnetic valves do not need an additional
fluid or air supply for operation as in the case of pneumati-
cally operated valves.

The valves of this invention are suitable for use in, for
example, airbag design testing systems, line throwers, shak-
ers for releasing clogged bulk materials 1n the bunkers, etc.,
but 1s not limited to such uses

As a result of a valve designed in accordance with the
invention, it becomes possible to provide a fast opening time
in the range of about 2 ms to about 4 ms, and provide
equality between valve opening and closing times.
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More specifically, a valve 1n one embodiment includes a
valve housing including an input portion through which fluid
flows 1nto the valve housing, a valve seat including an outlet
portion through which fluid flows out of the valve housing,
at least one relief channel, and a drain hole. A cup 1s biased
against the valve seat and arranged 1n the valve housing to
define a first cavity inside the cup 1n flow communication
with the relief channel(s) and a second cavity adjacent and
external of the cup. A third cavity i1s defined by the mput
portion, the valve housing including at least one supply
channel between the second and third cavities. A control
valve 1s arranged partly mside the valve housing, defines a
compartment and 1ncludes an actuator, a permanent magnet
and first and second electromagnets. The compartment 1s 1n
flow communication with the relief channel(s). The actuator
includes a slide arranged 1n the compartment and that closes
the drain hole when 1n a first position and 1s spaced apart
from the drain hole when in a second position, and an
armarture.

The valve has a closed position 1n which the armature 1s
held 1n a position by the permanent magnet while the slide
1s 1n the first position closing the drain hole and preventing
fluid flow from the first cavity through the relief channel(s)
into the compartment and then into the drain hole. The cup
1s biased against the valve seat preventing fluid 1n the second
and third cavities from flowing out of the outlet portion.

The valve has a open position 1n which current 1s provided
to the first electromagnet to cause the actuator to move the
slide to the second position separated from the drain hole
and allowing fluid flow from the first cavity through the
reliel channel(s) mto the compartment and then into the
drain hole causing pressure 1n the second cavity to be greater
than pressure 1n the first cavity and resulting in movement of
the cup apart from the valve seat and thus tflow of fluid from
the second cavity through a gap between the cup and the
valve seat to the outlet portion.

A control housing may be coupled to the valve housing
and the control valve 1s arranged partly iside the control
housing. The control housing 1s configured to enable the
armature to move within the control housing without
Springs.

When the valve 1s 1n the open position, the valve can
return to the closed position by providing current to the
second electromagnet to cause the slide to move to the first
position closing the drain hole and preventing fluid flow
from the first cavity through the channel into the compart-
ment and then into the drain hole causing pressure in the
second cavity to become equal to pressure 1n the first cavity
and thereby resulting 1n movement of the cup against the
valve seat and thus preventing flow of flmd from the second
cavity to the outlet union.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings are illustrative of embodiments
of the system developed or adapted using the teachings of at
least one of the mmventions disclosed herein and are not
meant to limit the scope of the mvention as encompassed by
the claims.

FIG. 1 1s a side view of an assembled high speed valve 1n
accordance with the mvention.

FIG. 2 1s a front view of the valve 1n accordance with the
invention.

FIG. 3 shows a cross sectional view of the valve taken

along the line 3-3 i FIG. 2.
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FIG. 4 1s a side cross-sectional view of the high-speed
valve, in which the valve 1s shown 1n the normally closed

condition.
FIG. 5 1s a valve cross-section 1n axonometric view.
FIG. 6 shows a function diagram of the circuit of the
high-speed valve control unait.
FIG. 7 illustrates UHSYV valve control signals plots.
FIG. 8 1s a front view of the valve body part.
FIG. 9 1s an axonometric view partly broken away.
FIGS. 10 and 11 show the valve 1n closed and open
positions, respectively, where tlow of the gas 1s marked by
arrows, and taken along the line 10/11-10/11 1n FIG. 8.

FIG. 12 shows pressure values at the valve outlet port

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In the foregoing explanation of a high speed valve in
accordance with the mvention, 1t 1s expected that the valve
operating pressure will typically be 1n a range from about 10
to about 70 bar, although the operating pressure does not
limit the scope of the claims. Such relatively high pressures
can lead to special requirements for the valve parts and the
materials of the valve parts. For example, the basic valve
parts are preferably at least partly or possibly entirely made
from stainless steel 431 (14x17H2 designated by EU pro-
ducers), the main spool seals are preferably made from
fluoroplastic and the other seals are preferably rubber rings.
In one embodiment, the valve seat, the cup and the internal
slide comprise any composition of stainless steel, 1.¢., they
may be made partly or entirely of stainless steel.

A high speed valve in accordance with this invention
preferably has following features (1t may have only one of
these features, all of the features or any variation of fea-
tures ):

All valve parts except the seals are made partly or entirely
of stainless steel including an internal slide 26, a main
valve cup 23 and a valve seat 22 (FIGS. 4 and 35).
Instead of stainless steel, another material or combina-
tion of materials that has the same properties as stain-
less steel as they relate to the disclosure herein 1n order
to achieve the objectives of the valve disclosed herein
may be used. Stainless steel however 1s the preferred
material, and encompasses any material that 1s consid-
cred by those skilled in the art to be referred to as
stainless steel.

A solenoid armature umit or armature 28 moves 1n a
solenoid block through a gap without springs;

The absence of a spring 1n a pilot control block 25 leads
to the decrease of the valve response time;

Two or more solenoids or coils 203 and 204 preferably
have a small number of windings which leads to lower
inductance and thus a decrease of the time constant (a
small number 1s not indefinite but will be understood by
those skilled 1n the art to which this invention pertains
to mean a number that 1s less than what 1s used in
conventional apparatus of a similar type, for example,
as discussed above);

No control pressure supply 1s needed;

Equality 1s achieved between valve opening and closing
times.

A more complicated control unit 1s needed as shown 1n
FIG. 6.

This high-speed valve design provides, 1n one exempli-
tying embodiment, the following time characteristics: the
valve opening time 1s about 2 to about 4 ms, the valve
closing time 1s about 3 to about 5 ms, the opening time lag
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1s about 12 ms, and the closing time lag 1s about 20 ms. The
valve openming/closing time 1s the time of the main valve cup
23 to travel from one position to the other. The opening/
closing time lag 1s the time between the leading edge of
respective signal and the beginning of valve cup movement.
It occurs due to finite time for the voltage to rise in the
solenoids, the control slide travel time and pressure change
time 1n control valve cavity.

Referring now to FIGS. 1-3, an exemplifying embodiment
of the valve assembly has the following representative
overall dimensions: diameter 100 1s about 79 mm, valve
length 101 1s about 125 mm, and valve height 103 1s about
141 mm. These dimensions are not limiting and the valve
assembly may of course have other dimensions.

FIG. 3 shows a cross sectional view of the high speed
valve where basic valve elements are shown as a first or
main body part 10, a second body part 11 called an outlet
union, a third body part 12 called an inlet or input umion and
a solenoid block 13 with two solenoids 14 (as an example of
a plurality of solenoids). The first body part 10 1s between
the second and third body parts 11, 12 and coupled thereto.
Solenoid block 13 1s also referred to as a control housing.
The combination of the main body part 10, the outlet union
11 and the input union 12 may be considered a valve
housing. A valve housing does not require three separate
parts as disclosed and other constructions of the valve
housing with the relevant features disclosed herein may be
used in the 1invention, e.g., a unitary valve body that has an
inlet portion as the mput union and an outlet portion as the
outlet union.

The direction of gas flow 1s shown by arrows 1n FIG. 3.

FIG. 4 shows schematically the valve design 1n which the
valve 1s shown 1n a normally closed position. The valve
comprises the following main parts: a valve body 21 (com-
parable to the main body part 10), the valve seat 22 with
outlet union (comparable to outlet umion 11), the cup 23, an
input union 24 (comparable to mput union 12), and a pilot
control valve 25. The pilot control valve 235 1s located partly
inside the high-speed valve body 21 and comprises the
internal slide 26 and two solenoid electromagnets 27. Arma-
ture 28, internal slide 26, and a rod and buffer unit 29 are
preferably formed integrally with one another, and whether
integral with one another or otherwise connected together,
may be considered to constitute an actuator as used herein.
In one embodiment, the armature 28, the slide 26 and the rod
and bufler unit 29 are integral with one another, whether
formed that way or otherwise, which may be considered that
there 1s a unit that consists of or 1s composed of these parts
that together constitute a whole component or system.

The pilot valve 25, the valve seat 22 and mnput union 24
are bolted to the valve body 21 through passages 207 (see
FIG. 5, with the ends of the bolts being visible 1n FIG. 4).
Instead of bolting, other attachment techniques may be used
provided they provide a secure attachment in a similar
manner as bolting or 1n a different manner but which
provides a strong bond between the attached parts. Such
attachment structure i1s referred to herein as attachment
means for attaching the pilot valve 25, the valve seat 22 and
the 1put union 24 to the valve body 21.

Mating surfaces are sealed with rings 206 that are prei-
erably made partly or entirely of rubber, e.g., between the
valve body 21 and the valve seat 22 and between the valve
body 21 and the input union 24. Instead of rings 206, other
interposing structure or techniques that seal an interface
between the valve seat 22 and the valve body 21 may be used
in the mvention and may be referred to as sealing means
herein.
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Cup 23 has a seal 203 on 1its face adjacent to the valve seat
22, which seal 205 1s preferably made partly or entirely of
plastic and 1s configured to seal against part of the valve seat
22. Inflow and outflow channels pipe thread 210 is prefer-
ably G74". One or more seals are also provided between the
control housing and the valve body (FIG. 4). Seal 205 may
thus be considered to be arranged on the cup 23 and
configured to be pressed against the valve seat 22 when the
cup 23 1s pressed toward and against the valve seat 22.
Instead of seal 205, other interposing structure or techniques
that seal against the valve seat 22 may be used in the
invention and may be referred to as cup sealing means
herein.

Chambers or cavities 220 and 221 are connected by one
or more supply channels 46 (FIGS. 9 and 10), and their area
must be larger than area of the narrowest valve channel 225
in order to avoid additional pressure losses. Cavity 220 1s
defined 1n part by the valve body 21 and the valve seat 22.
Cavity 221 i1s defined 1n part by the valve body 21 and the
input union 24 (FIG. 4).

In the closed position, the cup 23 1s located at seat 22
(against seat 22) and closes the main gas flow passage.
Armature 28 1s at the bottom position and i1s held in this
position by the magnetic force of a permanent magnet 200
in a housing of the pilot control valve 25 (like solenoid block
13 in FIGS. 1-3). The slide 26 closes a drain hole 201 of a
drain component by moving the rod and builer unit 29. One
purpose of bufler unit 29 1s to eliminate fluid flow from
channel 224 to internal area of control valve 25, or at least
hinder such fluid flow with elimination being a preferred
situation. Drain component with the drain hole 201 1s
arranged 1n a recess 1n the valve body 21 and seal rings may
be provided to seal the drain component against the inner
surfaces defining the recess 1n the valve body 21 (FIG. 4).
Drain component allows for the exhaust of air or other
control fluid during the control process.

In an mitial valve state (valve 1s closed), high pressure
fluid 1s supplied to mput umon 24 filling cavities 220 and
221 and an internal space of the cup 23 through the channel
224 between the cavity 221 and a recess in the valve body
21 1 which the slide 26 moves, a portion of the recess 1n
which the slide 26 moves and a relief channel 208 in the
valve body 21 that 1s 1n flow communication with this recess
(FIGS. 4 and 5). As a result, the pressure 1 an area or
chamber 220, 222 (externally outside and adjacent cup 23)
1s equal to the pressure of cavity 223 inside the cup 23.
Relief channel 208 1s a conduit between the cavity 223
which 1s 1n flow communication with or formed in the
internal space of the cup 23 and leads to a compartment or
recess defined in the valve body 21 in which the slide 26
moves. In this compartment, the internal slide 26 1s situated
and rests on the upper edge of a drain component which
defines the drain hole 201. There may be one relief channel
208 as shown, or more than one relief channel.

The pressure force and the spring 202 press the cup 23
toward and against the seat 22. In this position of the cup 23
and seat 22, the internal channel of the valve 1s sealed. The
pressure force also presses the slide 26 to the seat of the
drain hole 201.

For opening of the valve, the upper coil 203 1s fed a
current pulse by the control system (not shown in FIGS. 4
and 5). The manner 1n which the current pulse 1s provided by
the control system and recerved by the upper coil 203 1s
known to those skilled in the art of electromagnetic valves.
As a result of this current pulse, armature 28 moves up and
stops at or near the upper limit stop formed 1n the housing
of the control valve 25. Slide 26 moves up together with the
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armature 28, and blocks fluid access into the internal cavity
of the cup 23 (fluid access 1s blocked when a conical surface
226 of the slide 26 1s against orifice 227) and opens the drain
hole 201 providing an outlet for fluid to exit out of the mnside
or internal cavity 223 of the cup 23. The pressure in cavity
220 becomes larger than the pressure nside the cup 23 (i.e.,
the pressure 1n chamber 222 becomes larger than the pres-
sure 1n chamber or cavity 223). Thus, the higher pressure 1n
cavity 220 moves the cup 23 to the right opening the valve
channel. High pressure fluid such as air tlows through the
open cup 23 to valve outflow channel.

Valve closing 1s performed by applying a pulse of current
from the control system to the lower coil 204. Again, the
manner 1n which the current pulse 1s provided by the control
system and received by the lower coil 204 1s known to those
skilled 1n the art of electromagnetic valves. The armature 28
goes down and returns to 1ts 1mitial position. The pressure 1n
chambers 220 and 221 becomes equal. Spring 202 returns
cup 23 to its mitial position and closes the valve.

Valve seals are shown in two locations: seal 205 1is
between the cup 23 and the valve seat 22 and seal 206 1s
between the seat 22 and the valve body 21.

A tunctional diagram of the high speed valve control unit
1s shown 1n FIG. 6 and comprises the following: an elec-
tronic control unit 31, a high-speed valve 32, transistors 34
and 35 which are operated by a driver or generator 36, a
transformer 37 and a current control resistance 33 1n the coil
windings.

As for an example of control circuit operation: aiter the
switch 30 1s closed, the generator 36 generates control pulses
in the sequence shown 1n FIG. 7. The time t; corresponds to
closing of the switch 30 of the generator 36 (open current
62). This generator 36 generates a positive pulse of duration
(t,—t,) for opening of the transistor 34 by the current which
goes through the inductance 2-3 (FIG. 6). The trailing edge
of the pulse (t,—t,) generates a timer pulse t,_ . (60) 1n the end
of t, and simultaneously closes the transistor 34 (closing
current 64). The UHSV has an embedded permanent magnet
(element 200 1n FIG. 4) which, after transistor 34 closes and
the absence of current in the coil 2-3 (FIG. 6), keeps the
valve open, which leads the compressed fluid tlow to the
open line. The pulse duration i1s set by turning t,,_. (60) of
variable resistance in the driver (generator) unit. Trailing
edge t . (60) generates pulse duration (t,—t;), which opens
the transistor 35 and connects a current pulse in the coil
(positions 1-3 in FIG. 6) which closes the valve. Pulse
trailing edge (t,—t,) turns ofl the electromagnet while valve
1s held closed by the permanent magnet 200 embedded into
the valve construction. T cycle (66) 1s the pulse duration
t,—t,.

Experimental data in the form of pressure vs. time plot 1s
depicted 1in FIG. 12 as line 52. Bold line 51 represents two
control signals for valve opening and closing. Opening time
1s the time between points 53 and 54 whereas the closing
duration 1s the time between points 55 and 56. Shape of plot
52 part after point 56 depends on the type of device
connected to the valve outlet port. The maximum pressure 1s
46.98 bar. The vertical scale 1s reference pressure Rp in bars
while the horizontal scale 1s time T in seconds.

The fast acting nature of the valve 1s based on the
following features: the low number of coil windings, the
constant magnetic location between coils and high capaci-
tance of the capacitors (capacitors are not shown 1n FIG. 6
but one skilled 1n the art would recognize that they are
present and the manner in which they function and are
integrated into the circuit diagram).
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The magnetic circuit of the valve has two coils. They
create an attractive magnetic field once direct current tlows
through them that results 1n movement of the valve armature
(position 26 1n FIG. 4). A special feature of the magnetic
circuit 1s that 1t includes the permanent magnet 200 that fixes
the armature 28 (slide) after the high-pressure pipeline 1s
opened. The force holding the armature 28 (slide) 1n place 1s
suilicient for the valve to be de-energized.

This feature 1s an 1mportant consideration during devel-
opment of the remote control circuitry. The circuitry pro-
vides both coils with short normalized electric pulses. This
allows setting the armature 28 1n a stable opened or closed
position and de-energizing the coils immediately thereatter.
It 1s possible to configure the delay between the trailing edge
of the first impulse, which opens the flow path or pipeline
and the front edge of the second impulse, which closes 1it.
This delay allows control the amount of a gas that passes
through the valve.

If the operational mode 1s autonomous, 1t 1s possible to
control the valve either from the main unit or from an
additional wired remote control.

The opening or closing of the main high-pressure pipeline
of the valve can be performed either manually or automati-
cally. It 1s also possible to open and close the pipeline from
an additional remote control by, for example, pressing
OPEN and CLOSE buttons manually controlling the valve
open time.

Manual operation 1s reasonable during troubleshooting or
configuring the facility.

Automatic operation allows the operator to set the pulse
intervals more precisely using the 8-bit microcontroller
ATtiny13A. The intervals are controlled by an internal timer
(e.g., base frequency is about 4x10° Hz) and are program-
mable.

FIGS. 10 and 11 show gas flow direction by arrows. In
FIG. 10, a high speed valve 1s shown 1n a closed position:
cup 41 (element 23 in FIG. 4) 1s in the left position and
touches the valve body. Pressurized gas filled chamber 40
has no outlet. To fill chamber 40, gas must tlow through
supply channels 46. The gas flow through supply channels
46 1s shown at local cross sections 44 1n FIG. 10. The
internal and independent supply channels 46 are shown 1n
FIGS. 8 and 9.

FIG. 11 shows the valve 1n open position where the cup
41 moves to the right position and gas flows out of the valve
through a gap 42 between the forward surface of the cup 42
and the valve seat.

The 1mvention can be implemented in numerous ways,
including potentially as a fluid flow control process; an
apparatus or a system. In this specification, these implemen-
tations, or any other form that the invention may take, may
be referred to as tfluid tlow control techniques.

Although several preferred embodiments are illustrated
and described above, there are possible combinations using
other geometries, materials and different dimensions for the
components that perform the same functions. At least one of
the inventions disclosed herein 1s not limited to the above
embodiments and should be determined by the following
claims. There are also numerous additional applications 1n
addition to those described above. Many changes, modifi-
cations, variations and other uses and applications of the
subject invention will, however, become apparent to those
skilled 1n the art after considering this specification and the
accompanying drawings which disclose the preferred
embodiments thereof. All such changes, modifications,
variations and other uses and applications which do not
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depart from the spirit and scope of the invention are deemed
to be covered by the invention which 1s limited only by the
following claims.

The mvention claimed 1s:

1. A valve, comprising:

a valve housing including an input portion through which
fluid tflows 1nto said valve housing, a valve seat includ-
ing an outlet portion through which fluid flows out of
said valve housing, at least one relief channel, and a
drain hole;:

a cup biased against said valve seat and arranged 1n said
valve housing to define a first cavity mnside said cup 1n
flow communication with said at least one relief chan-
nel and a second cavity adjacent and external of said
cup, a third cavity being defined by said input portion,
said cup being biased against said valve seat to prevent,
when biased, fluid in said second and third cavities

from flowing out of said outlet portion, said valve
housing including at least one supply channel between
said second cavity and said third cavity; and

a control valve arranged partly 1nside said valve housing,
said control valve defining a compartment and 1nclud-
ing an actuator, a permanent magnet, a first electro-
magnet on a first side of said permanent magnet and a
second electromagnet on a second side of said perma-
nent magnet opposite the first side of said permanent
magnet, said drain hole being closer to the second side
of said permanent magnet, said first and second elec-
tromagnets being configured such that current 1s pro-
vided to said first electromagnet without being pro-
vided to said second electromagnet and 1s provided to
said second electromagnet without being provided to
said first electromagnet,

said compartment being 1n flow communication with said
at least one relief channel and in flow communication
with said third cavity through an additional supply
channel,
said actuator being partly arranged 1n said compartment

and, when 1n a first position, closing said drain hole,
permitting flow of fluud from said third cavity
through said compartment to said at least one relief
channel to said first cavity and preventing fluid flow
from said compartment into said drain hole, and
when 1n a second position, being spaced apart from
said drain hole permitting flow of fluid from said
compartment nto said drain hole and obstructing
flow of fluud from said third cavity through said
compartment to said at least one reliel channel and
thus to said first cavity.

2. The valve of claim 1, wherein said actuator comprises
a slide partly arranged 1n said compartment and that closes
said drain hole when said actuator 1s in the first position and
1s spaced apart from said drain hole when said actuator 1s 1n
the second position, and an armature partly arranged 1n a
space defined by said permanent magnet, said first electro-
magnet and said second electromagnet.

3. The valve of claam 1, further comprising a control
housing coupled to said valve housing, said control valve
being arranged partly inside said control housing, said
second electromagnet being arranged closer to said valve
housing than said first electromagnet.

4. The valve of claim 3, wherein said actuator comprises
a slide partly arranged 1n said compartment and that closes
said drain hole when said actuator 1s in the first position and
1s spaced apart from said drain hole when said actuator 1s 1n
the second position, and an armature partly arranged 1n a
space defined by said permanent magnet, said first electro-
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magnet and said second electromagnet, and wherein said
control housing 1s configured to enable said armature to
move within said control housing without springs.

5. The valve of claim 1, wherein said valve seat, said cup
and said slide comprise stainless steel. 5

6. The valve of claim 2, wherein

said armature of said actuator 1s held in a position by said

permanent magnet while said actuator 1s 1n the first
position, and

wherein the valve 1s configured to move 1n a direction 10

from a closed position toward an open position by
providing current to said first electromagnet and not to
said second electromagnet to cause said slide of said
actuator to move away from said drain hole, and

wherein the valve 1s configured to move 1n a direction 15

from the open position toward the closed position by
providing current to said second electromagnet and not
to said first electromagnet to cause said slide of said
actuator to move toward said drain hole.

7. The valve of claim 2, wherein said actuator further 20
comprises a rod and bufler unit mterposed between said
armature and said slide, said armature, said slide and said
rod and buffer unit being integral with one another.

8. The valve of claim 1, wherein said valve housing
comprises a valve body and an input union, further com- 25
prising attachment means for attaching said control valve,
said valve seat and said input union to said valve body.

9. The valve of claim 1, further comprising at least one
ring interposed between said valve seat and said valve
housing to seal an interface between said valve seat and said 30
valve housing.

10. The valve of claim 1, further comprising a seal
arranged on said cup and configured to be situated against
said valve seat when said cup 1s against said valve seat.

11. The valve of claim 1, wherein said valve housing 35
comprises an nput umon providing said nput portion,
turther comprising at least one ring interposed between said
input union and said valve housing to seal an interface
between said mput union and said valve housing.

12. The valve of claim 1, wherein said at least one supply 40
channel comprises a plurality of independent supply chan-
nels.

13. The valve of claam 1, wherein said first and third
cavities are configured to have a larger area than an area of
a narrowest one of said at least one supply channel. 45

14. The valve of claim 1, wherein said actuator 1s elongate
and comprises at a first end, a slide that closes said drain hole
when said actuator 1s 1n the first position and 1s spaced apart
from said drain hole when said actuator 1s in the second
position, an armature arranged at least partly in a space 50
defined by said permanent magnet, said first electromagnet
and said second electromagnet at a second end opposite the
first end, and a rod and bufler unit imnterposed between said
slide and said armature, and

wherein said valve housing defines an orifice through 55

which said actuator extends with said slide and said
drain hole being on a first side of said orifice and said
armature being on an opposite, second side of said
orifice, said orifice constituting a barrier to movement
of said slide 1n a direction away from said drain hole, 60
said compartment being in flow communication with
said third cavity at a location on the second side of said
orifice, said compartment being 1n flow communication
with said at least one relief channel at a location on the
first side of said orifice, and 65
wherein said slide 1s movable against said orifice when
said actuator moves to the second position to form an

10

obstruction to flow of fluid from said third cavity
through said compartment to said at least one relief
channel.

15. A valve, comprising;:

a valve body including at least one relief channel and a
drain hole;:

an outlet union having an opening from which fluid flows
out of the valve and which 1s coupled to said valve
body, said outlet union including a valve seat:

a cup coupled to said valve body and biased against said
valve seat, a first cavity being defined to one side of
said cup between said cup and a part of said valve body,
a second cavity being defined by said valve seat and
said. cup and having a portion on an opposite side of
said cup between said cup and a part of said valve seat,
said first cavity being 1n flow communication with said
at least one relief channel, said cup being biased against
said valve seat preventing fluid 1n said second and third
cavities from flowing out of said outlet union:

an mnput union coupled to said valve body, a third cavity
being defined by said input union and said valve body,
said valve body including at least one supply channel
between said third cavity and said second cavity; and

a control valve arranged partly inside said valve body,
said control valve defining a compartment and includ-
ing an actuator, a permanent magnet, a first electro-
magnet on a first side of said permanent magnet and a
second electromagnet on a second side of said perma-
nent magnet opposite the first side of said permanent
magnet, said drain hole being closer to the second side
of said permanent magnet, said first and second elec-
tromagnets being configured such that current 1s pro-
vided to said first electromagnet without being pro-
vided to said second electromagnet and 1s provided to
said second electromagnet without being provided to
said {irst electromagnet,

said compartment being 1n flow communication with said
at least one relief channel and 1n flow communication
with said third cavity through an additional supply
channel,
said actuator being partly arranged 1n said compartment

and, when 1n a first position, closing said drain hole,
permitting flow of fluud from said third cavity
through said compartment to said at least one relief
channel to said first cavity and preventing flud flow
from said compartment into said drain hole, and
when 1n a second position, being spaced apart from
said drain hole permitting flow of fluid from said
compartment nto said drain hole and obstructing
flow of fluid from said third cavity through said
compartment to said at least one relief channel and
thus to said first cavity.

16. The valve of claim 15, further comprising a control
housing coupled to said valve body, said control valve being
arranged partly inside said control housing, said second
clectromagnet being arranged closer to said valve body than
said first electromagnet.

17. The valve of claim 15, wherein said actuator com-
Prises:

a slide partly arranged in said compartment and that
closes said drain hole when said actuator 1s in the first
position and 1s spaced apart from said drain hole when
said actuator 1s 1n the second position;

an armature partly arranged 1n a space defined by said
permanent magnet, said first electromagnet and said
second electromagnet; and
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a rod and bufler unit interposed between said armature

and said slide,

said armature, said slide and said rod and bufler unit being

integral with one another.

18. The valve of claim 15, further comprising attachment
means for attaching said control valve, said valve seat and
said iput union to said valve body, and

wherein said armature of said actuator 1s held 1n a position

by said permanent magnet while said actuator 1s 1n the
first position, and
wherein the valve 1s configured to move 1n a direction
from a closed position toward an open position by
providing current to said first electromagnet and not to
said second electromagnet to cause said slide of said
actuator to move away from said drain hole, and

wherein the valve 1s configured to move 1 a direction
from the open position toward the closed position by
providing current to said second electromagnet and not
to said first electromagnet to cause said slide of said
actuator to move toward said drain hole.

19. The valve of claim 15, wherein said first and third
cavities are configured to have a larger area than an area of
a narrowest one of said at least one supply channel.

20. The wvalve of claam 15, wherein said actuator is
clongate and comprises at a first end, a slide that closes said
drain hole when said actuator 1s 1n the first position and 1s
spaced apart from said drain hole when said actuator 1s 1n the
second position, an armature arranged at least partly 1n a
space defined by said permanent magnet, said first electro-
magnet and said second electromagnet at a second end
opposite the first end, and a rod and bufler unit interposed
between said slide and said armature, and

wherein said valve body defines an orifice through which

said actuator extends with said slide and said drain hole
being on a first side of said orifice and said armature
being on an opposite, second side of said orifice, said
orifice constituting a barrier to movement of said slide
in a direction away from said drain hole, said compart-
ment being i flow communication with said third
cavity at a location on the second side of said orifice,
said compartment being in flow communication with
said at least one relief channel at a location on the first
side of said ornfice, and

wherein said slide 1s movable against said orifice when

said actuator moves to the second position to form an
obstruction to flow of fluid from said third cavity
through said compartment to said at least one relief
channel.

21. The valve of claim 1, wherein the valve has a closed
position 1n which said actuator 1s held in the first position by
said permanent magnet, and

wherein the valve has an open position 1n which current

1s provided to said first electromagnet and not to said
second electromagnet to cause said actuator to move in
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a direction away from said drain hole toward the
second position and permitting fluid flow from said first
cavity through said at least one relief channel 1nto said
compartment and then into said drain hole causing
pressure of the fluid 1n said second cavity to be greater
than pressure of the fluid in said first cavity and
resulting 1n movement of said cup apart from said valve
seat and thus flow of fluid from said second cavity
through a gap between said cup and said valve seat to
said outlet portion, and

wherein the valve 1s configured to move 1n a direction
from the open position to the closed position by pro-
viding current to said second electromagnet and not to
said first electromagnet to cause said actuator to move
toward the first position enabling flow of flmd from
said third cavity into said first cavity through said
compartment and said at least one relief channel and
thus pressure of fluid 1n said first cavity to become
equal to pressure of fluid 1 said second cavity and
thereby result in movement of said cup against said
valve seat and prevention of flow of fluid from said
second cavity to said outlet portion.

22. The valve of claim 15, wherein the valve has a closed
position 1n which said actuator 1s held in the first position by
said permanent magnet, and

wherein the valve has an open position 1n which current
1s provided to said first electromagnet and not to said
second electromagnet to cause said actuator to move 1n
a direction away from said drain hole toward the
second position and permitting fluid flow from said first
cavity through said at least one relief channel 1nto said
compartment and then into said drain hole causing
pressure of the fluid 1n said second cavity to be greater
than pressure of the fluid in said first cavity and
resulting 1n movement of said cup apart from said valve
seat and thus flow of fluid from said second cavity
through a gap between said cup and said valve seat to
said outlet union, and

wherein the valve 1s configured to move 1n a direction
from the open position to the closed position by pro-
viding current to said second electromagnet and not to
said first electromagnet to cause said actuator to move
toward the first position enabling flow of flmd from
said third cavity into said first cavity through said
compartment and said at least one relief channel and
thus pressure of fluid 1n said first cavity to become
equal to pressure of fluid 1n said second cavity and
thereby result in movement of said cup against said
valve seat and prevention of flow of fluid from said
second cavity to said outlet union.

¥ o # ¥ ¥



UNITED STATES PATENT AND TRADEMARK OFFICE
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In the Claims
Claimm 15, Column 10, Line 9, change “seat:” to --seat;--;
Claim 15, Column 10, Line 14, change “said. cup” to --said cup--; and
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